Difficulties in using the sharp neutrino spectrum at short times 
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Oh| Final states produced by a decay have a much broader energy spectrum than 

^ ' the natural line width at times much shorter than the decay lifetime. This 

tends to render impossible the use for neutrino detection of the high value of 
the resonance absorption cross section at the peak of the resonance. 

> , 

^ . Proposals to use the very sharp neutrino emission line for neutrino detectors have been 

^ . discussed for a long time [1]. More recent proposals [2] frequently overlook the constraints 

^' 
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O ■ natural line width only after times of the order of the lifetime of the state emitting the 
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Abstract 



imposed by energy-time uncertainty [3]. The width of the energy spectrum reduces to the 



neutrino. For a shorter time 6t after the emission of the neutrino, the observed energy 
width of the final state energy spectrum is much brader and given by [3] 

Tabs ~ ^ ■ Tnat (0.1) 
01 

where Fobs is the observed width expressed as the second moment of the energy spectrum, 
r is the lifetime of the decay and Tnat is natural line width observed at times longer than 
the lifetime. The effective cross section aeff{St) observed at a time 6t after the neutrino 
emission is then 
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aef f {St) ^ — ■ apeak (0.2) 
T 

where (Jpeafc is the cross section at the peak of the resonance. 

For experiments using long-hved decays hke the tritium decay suggested [2] for use in 
neutrino detection, St is the time between the emission of the neutrino and its arrival at 
the absorber. The factor [St/r) is then sufficiently small to render this kind of experiment 
useless for neutrino detection. 

The width of the energy spectrum for a single neutrino emitted in a single transition 
evolves in time without interaction with the environment and eventually reaches the natu- 
ral line width. This time-dependent broadening differs from other conventional sources of 
broadening whose widths do not change with time after emission. These other broadenings 
generally involve interactions after emission with the environment, averaging over many 
slightly different sharp lines or collective superradiant transitions. None of these involve a 
change in the width of the spectrum with time if there are no subsequent interactions. 

Many other sources of broadening arise from slight individual differences in the conditions 
for each individual emission. These produce a combination of lines each shifted by a slightly 
different energy to produce an overall broadened line. This broadened width does not change 
with time if there are no subsequent interactions. 

Broadening that involves an energy-time uncertainty for single events arises in Dicke 

superradiance [4], where the spectrum of each single photon observed has an enhanced width. 

This differs from the neutrino case because it arises from a collective transition which speeds 

up the lifetime and therefore increases the natural width. Here the energy spectrum does not 

change with time if there are no interactions. Some examples of modifications of resonance 

absorption cross sections for time-uncertainty broadened incident waves have been seen in 

Mossbauer spectroscopy with synchrotron radiation sources [5]. 

It is a pleasure to acknowledge discussions with John Schiffer, who called my attention 
to this problem. 
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